Staphylococcus aureus enterotoxin D is one of the serotypes most commonly associated with food poisoning. Further characterization of the enterotoxin D-encoding plasmid revealed the presence of an open reading frame which encodes a previously unidentified enterotoxin, designated staphylococcal enterotoxin J (SEJ). SEJ is a protein of 269 amino acid residues which has substantial sequence similarity to the staphylococcal A, E, D family of enterotoxins. The enterotoxin D and J open reading frames are transcribed in opposite directions and are separated by an 895 nucleotide intergenic region which contains a perfect inverted repeat, with each arm of the repeat having a length of 21 nucleotides. Chloramphenicol acetyl transferase (cat) transcriptional fusions were used to quantify expression from the enterotoxin gene promoters. Both enterotoxin genes are expressed in S. aureus. However, only sed is regulated by the agr virulence gene signal transduction pathway. Western blot analyses utilizing anti-enterotoxin antisera have confirmed the results obtained with the cat reporter system. PCR amplification studies suggest that the sej determinant may be present on all sed-encoding plasmids. z
Introduction
Staphylococcus aureus is the third most common cause of con¢rmed bacterial foodborne disease in the United States [1] . After an incubation period of 30 min to 8 h, consumption of staphylococcal enterotoxin-contaminated food results in symptoms of vomiting, diarrhea, and abdominal cramping [2] . Six major serological types of these enterotoxins have been described. These are designated as SEA through to SEI [3^5] . Minor antigenic variants of SEC have been described and designated as SEC I , SEC P and SEC Q [4] . TSST-1 was mistakenly designated SEF and thus there is no serotype F enterotoxin. Two distinct enterotoxins given the designation SEH have been isolated [6, 7] .
Based upon sequence similarities, the enterotoxins were divided into three groups [4] . Group 1 contains SEB, the SEC subtypes, and the streptococcal pyrogenic exotoxins. Group 2 contains SEA and SEE, and SED. Group 3 contains SEH. Regardless of se-rotype, all of the enterotoxins cause emesis and gastroenteritis when given orally to primates, are moderately heat stable, possess conformation similarities including a disul¢de loop, and are superantigens [8] . They have been shown to be capable of causing toxic shock syndrome [9, 10] .
Enterotoxins A and D are the serotypes most commonly associated with food poisoning [11] . The former is encoded on a bacteriophage, whereas the latter is encoded on a large penicillinase-type plasmid in S. aureus [12, 13] . Physical mapping studies were carried out on 21 SED-producing strains [4, 14] . All of these strains harbor a large plasmid of identical size and restriction fragment pattern. The nucleotide sequence of sed from the prototype plasmid pIB485 has been determined [12] . Synthesis of this enterotoxin is regulated by the accessory gene regulatory (Agr) system of S. aureus. As a result of this regulation, the expression of sed is induced during the postexponential phase of growth [12, 15] . In an e¡ort to further characterize the regulation of the SED, the sequence of pIB485 5P to sed was determined. An additional enterotoxin-like determinant was identi¢ed on this plasmid and has been given the designation sej.
Materials and methods

Bacterial strains and plasmids
Bacterial strains and plasmids utilized in this study are listed in Table 1 .
DNA manipulation and plasmid constructions
Staphylococcal plasmid DNA was isolated from cleared lysates as described [12] . Escherichia coli plasmid and M13 replicative form manipulations, and staphylococcal electroporation and transduction were performed as described previously [16] .
A 4.5-kb EcoRI fragment containg sed was subcloned from pIB485 into pUC18 to generate pZS2574. For the promoter activity and protein production assays two constructs were made. Primers ZIR 5P-GAGCTCAAATATAAGTTAGCTGCAT-3P and ZDE 5P-TCTAGAATCTAGTAAGTCTCCT-GA-3P were designed to anneal to the sequences immediately upstream of the ribosome binding site of sej and the sequences following the sed stop codon. These were used to amplify the promotor region of sej and the entire sed open reading frame from pIB485. Primers ZDR 5P-GAGCTCTCAATAAA-TTTGAGCACC-3P and ZID 5P-TCTAGAATAG-TAGGTTCTGCTCTT-3P were used to amplify the sed promotor and all of sej. In order to fuse the promoters of sed and sej to the chloramphenicol acetyl transferase reporter gene (cat), a SacI restriction site was incorporated into the 5P-ends of ZIR and ZDR, and XbaI sites were included in the 5P-ends of ZDE and ZDI. The resulting 1.7-kb PCR products were cloned into pT7Blue and transformed into competent Novablue cells with selection for ampicillin resistance. The PCR-generated products were then subcloned as SacI-XbaI fragments into pMH109 to fuse the enterotoxin gene promoters to cat. The two fusion constructs were designated pZS2606 and pZS2607, respectively.
PCR was performed under the following conditions: initial denaturation of template at 94³C for 2 min, then 35 cycles of ampli¢cation including denaturation of template at 94³C for 30 s, primer annealing at 59³C for 45 s, 67³C for 30 s, chain extension at 72³C for 90 s, ¢nal extension at 72³C for 4 min.
A 2-kb sequence, including sej and the intergenic sequences of sej and sed, was determined for both DNA strands by the dideoxy nucleotide chain termination method (fmol kit, Promega) with QS S-labeled dATP. Sequences of nucleotides and deduced amino acids were analyzed by the Wisconsin Sequence Analysis Package (Genetics Computer Group). The sequence has been deposited in the GenBank sequence database and assigned the accession number AF053140.
Site directed mutagenesis
The inverted repeat sequence located in the intergenic region of sej and sed was deleted by site-directed mutagenesis as described previously [16] . The mutagenic oligonucleotide primers utilized to remove the intragenic inverted repeat sequence were DR53, 5P-CCTTCTCCATTCTTTTATTATTTTTTAACT-TTTATATTAAAATAAAATTACTACG-3P and 35DR, 5P-CGTAGTAATTTTATTTTAATATAAA-AGTTAAAAAATAATAAAAGAATGGAGAA-GG-3P. The mutagenized DNA fragments were veri-¢ed by sequence analysis, subcloned into pMH109 in front of cat, and promoter activity was determined.
Chloramphenicol acetyltransferase assays
The promoter activities of sed and sej were tested by measuring the chloramphenicol transferase activity as described [17] .
Western blot analysis
KSI1411 and ISP546 strains harboring plasmids pZS2606 and pZS2607 were grown overnight in kanamycin-containing TSB at 37³C. Culture supernatant was collected and dialyzed overnight at 4³C against three changes of 2 l each of distilled water, then concentrated 20-fold with a SpeedVac vacuum centrifuge (Savant). Samples were then electrophoresed on a 10^20% gradient Ready Gel (Bio-Rad) at 200 V constant voltage, and electrophoretically transferred to nitrocellulose using a semi-dry blotting unit (Fisher Biotech). Enterotoxins were detected using rabbit anti-SEA polyclonal antibody (provided by Dr. S.K. Chapes) and horseradish peroxidase labeled anti-rabbit IgG (Amersham). The blot was developed with 0.6 mg ml 3I 4-chloronaphthol and 0.02% H P O P . 
Results and discussion
Identi¢cation of sej
The 4.5-kb EcoRI fragment of pIB485 which harbors the sed determinant was subcloned and subjected to nucleotide sequence analysis. When the nucleotide sequence of 1923 bases extending from the ¢fth codon of sed was analyzed, the presence of an open reading frame which encodes a protein of 268 amino acids (molecular mass of 31 210) was shown. The putative protein encoded by this sed-adjacent open reading frame has substantial sequence similarity to the staphylococcal A, E, D family of enterotoxins. The alignment of the enterotoxin sequences is presented as Fig. 1 and the similarity values are given in Table 2 . If only the mature toxin sequences are examined, the identity and similarity values increase by approximately 2% for all comparisons. The sequence of the putative enterotoxin does not correspond exactly to any of the known enterotoxins. Therefore, this determinant represents a new enterotoxin and is given the designation sej.
SEJ contains the sequence characteristics of the staphylococcal enterotoxins. The characteristic cysteine loop [18] is present and the adjacent conserved region [19] of the protein matches the SEA sequence in 10 out of 12 residues (with one mismatch being a conservative aspartic acid to glutamic acid substitution). Furthermore, the amino acid residues of SEA Fig. 1 . Amino acid alignment of the SEA family of staphylococcal enterotoxins. Positions where at least three of the enterotoxins have identical amino acid residues are boxed. Amino acid sequences are taken from the GenBank entries whose accession numbers are given in the footnote to Table 2. which have been de¢ned as being critical for zincdependent binding to HLA-DR1 (MHC class II) which are important in its superantigenicity properties, namely His IVU , His PPS , and Asp PPU [20] , are precisely conserved in sequence and position in SEJ.
The sed and sej open reading frames are oriented in opposite directions in plasmid pBI485 and are separated by 895 nucleotides. This intergenic region contains a substantial repeat sequence. This sequence is a 42-bp perfect inverted repeat, located near the center of the intergenic region (positions 510^551 of the deposited sequence), and £anked by extremely A+T-rich sequences.
Expression of sej in S. aureus
The sej ORF is preceded by a strong ribosome binding site sequence of AAGGAG. It is, therefore, likely that this protein is produced in cells bearing sej. To determine if SEJ is produced, culture supernatants from cells bearing subclones of the enterotoxin genes were examined by Western blot analysis utilizing rabbit polyclonal antisera raised against puri¢ed SEA or SED. The plasmids pSZ2606 bearing sed and pSZ2607 bearing sej were introduced into agr and agr 3 S. aureus hosts. Concentrated supernatants from stationary phase cultures were subjected to SDS-PAGE and the proteins transferred to nitrocellulose ¢lters. The results of the probing with the antisera are shown in Fig. 2 . Culture supernatants from the agr mutant strain contain greater amounts of protein A (60-kDa species), consistent with the increased expression of this determinant in cells lacking the agr signalling pathway [15] . Using antiserum prepared against SEA as a probe, immunoreactive protein of the correct size for the enterotoxins was detected in the pIB485-bearing strain (data not shown). However, it was not apparent if the protein band contained SED alone, or a combination of SED and SEJ. To resolve this, strains bearing pZS2606 and pZS2607 allowed determination of whether both SED and SEJ could individually be expressed in S. aureus, respectively. Plasmid subclones encoding SED and SEJ directed expression of anti-SEA reactive proteins (Fig. 2) . Therefore, the sej determinant was expressed and SEJ was secreted into the culture supernatant. Furthermore, there was no indication of Agr regulation of sej as evidenced by the lack of obvious reduction in the amount of protein produced by the Agr 3 relative to that of the wild-type host strains (lanes 4 and 5) .
Because of the lower amino acid sequence similarity between SEA and SED, the reactivity of this enterotoxin with the anti-SEA serum was reduced; thus, the amount of SED in the supernatant is greatly underestimated in Fig. 2 . Antiserum raised against SED, however, is poorly reactive against SEJ. When antiserum directed against SED, rather than SEA, was utilized in these experiments, no reactivity against SEJ was detected in Western blots (data not shown). On the basis of probing with both antisera, the conclusion is that both enterotoxins encoded by pIB485 are expressed.
Expression of sed-cat and sej-cat operon fusions
Without antiserum directed speci¢cally against SEJ, it is not possible by Western blot analysis to quantify properly expression of this enterotoxin. Therefore, an operon fusion approach was undertaken to examine the relative expression of the two enterotoxin genes. The DNA sequences 5P to the SED and SEJ open reading frames were positioned in front of a promoterless cat reporter gene. The subcloned sequences contain all of the intergenic sequences and extend up to, but do not include, the ribosome binding site sequence of the enterotoxin determinant. The ribosome binding site provided by the pMH109 vector directs the translation of CAT [17] . The plasmids bearing cat driven by the sed or sej promoters were introduced into wild-type and agr-negative host cells. The expression levels for CAT were then determined. The results are presented in Table 3 . The values obtained correlate with the Western blot data. The seb and sed fusions are Agr regulated and are expressed at a higher level than sej. The CAT fusion results indicate that the di¡erential expression is due to Agr regulation of the expression of the enterotoxin genes and not due to di¡erences in secretion of the toxins. There is no substantial di¡er-ence in sej promoted expression in Agr relative to the Agr 3 host, although the low level of expression may mask any subtle e¡ects which may be present.
To determine if the intergenic inverted repeat sequence a¡ects expression of the sed or sej determinants, this sequence was excised and the CAT fusions bearing the inverted repeat-deleted intergenic regions introduced into Agr and Agr 3 host strains. Measurement of CAT activity indicated that there were slight reductions in overall activity and Agr control on cat driven by the sed promoter ( Table  3 ). The deletion of the inverted repeat, however, resulted in undetectable levels of CAT being produced from the sej promoter. This result is consistent with the failure to detect SEJ in supernatants from strains bearing pZS2619 (Fig. 2, lanes 6 and 7) . Therefore, either there are sequences necessary for transcription of sej present in the inverted repeat or the deletion of the inverted repeat sequences resulted in improper spacing between elements in the promoter and/or possible regulatory region for this enterotoxin determinant.
Presence of sej in other SED-producing strains of S. aureus
The pIB485 plasmid is the prototype sed-encoding penicillinase plasmid of S. aureus. To determine if other SED-encoding plasmids also harbor sej, PCR ampli¢cation was carried out using primers ZDR and ZID, which amplify the entire sej open reading frame. Chromosomal minilysate preparations from Fig. 3 , indicate that identical bands of 1.7 kb are obtained in each case. Restriction endonuclease digestion of the PCR fragments with BglII (three cleavage sites) and Tth111I (one cleavage site) produced the expected size DNA fragments for each of the PCR fragments, supporting their identity as the sej fragment. The presence of sej on these plasmids, along with the identical physical maps, supports the concept of a clonal distribution of the enterotoxin Dassociated food poisoning isolates. Because SEDproducing strains play a major role in staphylococcal food poisoning, the relative contribution of the two enterotoxins to the food poisoning symptomology needs to be established.
